may have some special characteristics and patients suffering from them may have a different survival. However, studies concerning the clinical features and outcomes of this kind of benign appearing tumors are rarely reported. Malignant peripheral nerve sheath tumors (MPNSTs) are rare soft-tissue sarcomas originating from Schwann cells or pluripotent cells █ INTRODUCTION T he isolated intraspinal tumor tends to be a benign tumor which mostly originates from the branch or sheath of peripheral nerve fibers. However, intraspinal malignant tumor remains rare in the spinal canal without involving surrounding osseous or soft tissues. These tumors AIM: To investigate the clinical characteristics and prognostic factors that may influence outcomes of patients undergoing benignappearing intraspinal malignant peripheral nerve sheath tumors (MPNSTs).
of neural crest origin, accounting for 3%-10% of all soft tissue sarcomas (5, 6, 12) . The incidence of MPNSTs in the general population is 1:100,000. Up to 50% of these tumors occur in patients with neurofibromatosis Type 1 (NF1)(3%-5%) (11, 16) , and 10% of them have a previous history of radiation therapy (12, 14, 15) . The most common locations for MPNSTs are the trunk, limbs, head and neck (6) . During the past several decades, few reports on spinal MPNSTs can be found. Therefore, we present our clinical experience with the features and management of 14 consecutive patients undergoing diagnosed benign intraspinal tumors firstly and confirmed as intraspinal MPNSTs by pathology after surgery, reporting outcomes with relatively long-term follow-up at our center in a 10-year period (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) .
█ MATERIAL and METHODS
We collected all patients' data from 2006 to 2015, including the clinical and operative notes, radiographic images, and pathological reports. Every patient's clinical file was discreetly reviewed. A benign-appearing intraspinal tumor was defined as a tumor located only intradural-extramedullary, intramedullary or with partial paravertebral tumor connected through intervertebral foramina without erosion of surrounding bone and tissues. According to the imaging findings [computed tomography (CT) and magnetic resonance imaging (MRI) scans], no aggressive biological characteristic can be observed. The tumor was firstly diagnosed as a benign intraspinal tumor by experience preoperation, and confirmed as a malignant tumor by pathology postoperation. All these patients had regular annual follow-up information until the final follow-up of March 2017. In addition, this study was approved by the hospital ethics committee and informed consent was collected.
Quantitative data are described by median (range) and qualitative data are described as counts and percentages. The univariate analyses of various clinical factors were performed to identify variables that could predict prognosis. Patient factors included age, gender, duration of preoperative symptoms and preoperative Frankel score. Treatment factors were tumor resection method and postoperative adjuvant therapy (radiotherapy or chemotherapy). Tumor factors consisted of tumor site, pathology and the histochemical biomarker Ki-67. Endpoints were mortality and local recurrence. The survival rate was estimated based on the Kaplan-Meier method, and differences were analyzed by conducting the log-rank test. Data were described by Mean ± Sem (m) and p value. Factors with p values of ≤0.05 were subjected to multivariate analysis for survival rate by multivariate Cox proportional hazards analysis. p values of less than 0.05 were considered statistically significant and all statistical calculations were performed by Predictive Analytics SoftWare (PASW) Statistics, version 22.0.
█ RESULTS

Patient Information and Clinical Features
A total of 14 consecutive patients were diagnosed with intraspinal benign tumors by radiology preoperatively but MPNSTs by pathology postoperatively in the past 10 years, since 2006 (Table I) . The gender ratio is 1:1 (7 female to 7 male). The mean age at diagnosis was 45.6 years (range 23-66 years). All these patients were firstly admitted to our center for neurological syndrome and none of them had a previous malignant tumor history. Three of these patients had an NF-1 history (Patient #2, #9 and #13). None of them had a radiotherapy history. There was no obvious preference to different spine region for intra-spinal MPNSTs (3 in cervical spine, 1 in cervicothoracic spine, 2 in thoracic spine, 2 in thoracolumbar spine and 6 in lumbar spine). The intraspinal tumors commonly presented as an extradural, intradural extramedullary, or rarely intramedullary neoplasms, which did not involve the vertebrae. In our cases, 2 of these 14 patients were intramedullary tumors (Patient #10 and #11), 3 of them were intradural extramedullary tumors without intact pseudocapsules (Patient #5, #8 and #9), and 8 of them were intradural extramedullary tumors with intact pseudocapsules. The remaining one was an extradural tumor (Patient #2).
Clinically, pain and neurological deficit were the most common symptoms. Although pain was usually the first symptom and the most frequently reported, weakness of limbs was the main complaint when they came for medical intervention. All these 14 patients had at least one kind of neurological deficit, including muscle weakness, numbness, constipation, paresthesia, paraplegia, etc. With an average of approximately 14.3 months, the duration of the preoperative symptoms ranged from 0.5 to 48 months.
Histological Findings
All the MPNST diagnoses were confirmed by at least two senior pathologists and all MPNSTs can be roughly divided into two groups including "lower malignancy group" and "higher malignancy group" based on tumor cells growth characteristics, invasive extension, intactness of tumor pseudocapsule, and histochemistry.
Management
Operation was the first choice for patient with neurological deficit caused by intraspinal tumor compression. All these patients underwent surgery on the basis of posterior approach. Relevant vertebral lamina was removed. Pedicle screw-rod system was used to reconstruct the stability of spine. Because all these cases were primarily not diagnosed as malignant tumor, none of the patients had preoperative adjuvant therapies. Two of them went through postoperative radiotherapy due to incomplete excision of the tumor (Patient #9 and #10). None of the other patients received any other therapy except regularly follow-up.
Follow-up and Outcome
The average follow-up duration of the patients in this study was 47.7 months (ranging 2-113 months). The average diseasefree duration was 45.6 months (range 2-113 months). A total of five patients died during follow-up (Patient #2, #5, #9, #10, #13). Eighteen operations had been conducted for these 14 patients. Three of them went through over one operation at our institution (Patient #2, #10 and #14). who went through total tumor resections showed a favorable outcome on total survival and recurrence in comparison with those who only got piecemeal resection or even palliative resection. Tumors located intradural extramedullary with intact pseudocapsule had a significant better survival than others. Patients suffered from tumors classified into higher malignancy had an obvious worse prognosis ( Figure 1C ). Ki-67 expression higher than 20% or not seemed do not affect patients' outcome ( Figure 1D ).
Multivariate Analysis of Prognostic Factors
Univariate analysis indicated that the potential prognostic factors with survival were age (<50 years/≥50 years), NF-1 history (Yes/No), tumor resection method (En-bloc resection/ subtotal or piecemeal total resection), tumor site (extradural or intramedullary/intradural extramedullary), pathology (lower grade vs higher grade) and Ki-67 expression (<20% vs ≥20%). They were submitted to the multivariate Cox regression model for analyzing overall survival. None of them was an independent prognostic factor for survival. Then, we submitted NF-1 Table II shows the univariate analysis of the prognostic factors influencing recurrence and survival time. The 5-year survival rate was 61%. According to statistical analysis, patients older than 50 years at diagnoses had a better survival and longer disease-free duration than those who were younger than 50 years ( Figure 1A ). There is no statistical difference between male and female on total survival and recurrence. Whether preoperative symptom duration was longer than 12 months or did not affect patients' total survival and recurrence. Additionally, there was also no statistical difference on survival and recurrence between patients with a preoperative Frankel score lower than C and those who had a score higher than D. There were 3 patients who had a NF-1 history. Based on statistical analysis, patients who had a NF-1 history had a worse prognosis compared with those who did not. The tumor resection method was usually the most relevant factor of patients' total survival and recurrence according to previous studies on spinal tumor ( Figure 1B ). In our study, patients 
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between these two groups. Therefore, even the NF-1 history did not affect the whole MPNST patients' survival, which was possibly tumor malignancy still associated with NF-1 history for benign-appearing intraspinal MPNSTs. Nevertheless, there are too few patients to draw this conclusion. In this study, we had two patients who went through radiotherapies after surgery. Based on the patients' clinical files, it could be found that they got severe delayed radiation-induced myelopathy which significantly affected their life spans and nerve function. As a result, whether postoperative radiotherapy was beneficial for patients with an intraspinal tumor that was incompletely resected was still controversial (2, 17) . Tumor resection method (tumor margin) was a universally acknowledged prognostic factor for almost all resectable malignant tumors (1,4,13) . In our study, most of the benign-appearing intraspinal MPNSTs were intradural extramedullary tumors (accounting for 78.6%). Those patients with intradural extramedullary tumors undergoing intact pseudocapsule had a significantly better prognosis. For intramedullary tumors and tumors without intact pseudocapsule, there was no obviously clear margin for resection. In terms of extradural tumors, the tumor sometimes may grow out of the intervertebral foramen with a large paravertebral neoplasm. All these contributed to total resection of the tumor being a harder task. Based on statistical study, the Pearson correlation coefficient of tumor sites and tumor resection method is 0.75, indicating that tumor sites can significantly influence the resection method of intraspinal MPNSTs. Compared with higher malignant MPNSTs, patients with lower malignant MPNSTs had a longer survival and freedisease duration. The Ki-67 protein (also known as MKI67) is a cellular marker for proliferation (7, 8) . It is strictly associated with cell proliferation. In our cases, patients with tumor Ki-67 expression higher than 20% had a worse survival but not recurrence. The histochemical biomarker, Ki-67, was a factor, showing tight association with tumor malignancy. It suggested that intraspinal MPNSTs with a Ki-67 expression higher than 20% could be classified into "higher malignant tumors" with a worse prognosis. In our another study concerning spinal MPNSTs, we had found that patients with S-100 protein negative had a higher recurrence rate and a lower survival rate (18) . However, this study only involved one patient who had a negative S-100. This finding demonstrated again that benignappearing intraspinal MPNSTs were less malignant compared with normal MPNSTs which had a worse overall survival, higher recurrence rate and higher distant metastasis risk (20) . However, when all the possible prognostic factors were submitted to multivariate Cox regression model for making the analysis, none of these factors was an independent factor with survival and local recurrence. █ DISCUSSION MPNSTs are relatively rare soft-tissue sarcomas. The World Health Organization (WHO) coined the term "malignant peripheral nerve sheath tumor" to replace previous heterogeneous and sometimes misleading terminology, such as "malignant schwannoma", "malignant neurilemmoma", "neurogenic sarcoma", and "neurofibrosarcoma" (10) . The most common locations for MPNSTs include the trunk, limbs, and head and neck (6) . Spinal MPNSTs has been rarely reported. Although an increasingly number of studies focused on this topic in recent years, more related studies on this disease still needs to be enlarged (5, 18, 19) . As an even rarer subtype intraspinal benign appearing MPNSTs were seldom reported, and this study presented 14 consecutive intraspinal MPNSTs patients who were diagnosed as benign tumors first at our center with their detailed clinical files. We studied their clinical characteristics and discussed the possible relative prognostic factors.
Local recurrence and death are not uncommon in spinal MPNST. The reported recurrence rate is 29-53% (3, 18, 20) , and the 5-year survival rate is 30-50% (9). Our results showed that intraspinal benign appearing MPNSTs patients seemed to have a better prognosis than that of common spinal MPNSTs patients (18, 19) . This is reasonable because intraspinal benignappearing MPNSTs were seen in the spinal canal usually with intact pseudocapsule while vertebrae were not involved. It demonstrated that these tumors were less malignant and aggressive biologically. Therefore, it was easier for surgeons to completely remove the tumor.
Through conducting univariate analysis of prognostic factors, we found that age, NF-1 history, tumor resection method (tumor margin), pathology, tumor site and Ki-67 expression were prognostic factors that might predict the survival and recurrence of patients undergoing intraspinal benign appearing MPNSTs. Compared with those who were older than 50 years, patients younger than 50 at diagnosis had a shorter life span. This phenomenon may be explained by the hypothesis that age at diagnosis is related to tumor malignancy. However, this hypothesis needs to be confirmed by further study. According to a recent meta-analysis with more than 1800 MPNST patients, as many as 50% of these tumors occur in patients with neurofibromatosis Type 1 (NF1) (3%-5%) (12) . In addition, the study also showed that MPNSTs arising from NF1 and non-NF1 patients were not different per se. Consequently, it could be suggested that the choice of treatment for MPNST should be independent of NF1 status. However, in our case, only 3 patients out of 14 had a NF-1 history. All these three patients died during follow-up, accounting for 60% of all dead patients. Through carrying out a log-rank test, there existed significant statistical difference
